Animals have consistently assumed a major place in the scienti®c developments of erection physiology, and in fact the use of animal models can be claimed to have inaugurated this ®eld as a true scienti®c discipline. The roots of the science of sexual medicine do not coincide with its practice, which conceivably pertains to aphrodisiacs and other sexual stimulants touted as therapies since antiquity. Rather, the beginnings of scienti®c study in the ®eld are ®ttingly identi®ed with the pioneering experimental work of Eckhard, who in 1863 showed the importance of the pelvic nerves for erectile function by performing electrical stimulation of these`nervi erigentes' in the anesthetized dog to elicit penile erection. 1 The understanding that penile erection is displayed under neurophysiological control was con®rmed and re®ned towards the late nineteenth century by the work of several important researchers in the ®eld, including Mu È ller, Bernard, Gaskell, and Langley and Anderson, who applied animal models to show the gross anatomic locations and physiological relevance of nerves coursing from spinal levels to the pelvis for regulation of penile erection: the mostly antagonistic parasympathetic and sympathetic autonomic nerves, and the somatic nerves. 2,3 The impressive methods of electrophysiological experimentation in the mammalian pelvis combined with extirpative lesioning of spinal out¯ow tracts employed by many of these early scientists continue to be applied similarly in modern research studies.
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Other pre-eminent control systems involved in erection physiology, accepted now as basic tenets of the ®eld, are known substantially from animal experimentation. The physiology of genital blood ow as an essential component of the erectile response was discovered early and established in concert with electrophysiological investigation. Research progress in recent decades has built on observations of the role of the vascular system and taken a major focus towards understanding penile vascular smooth muscle properties and penile hemodynamics. The central nervous system control of penile erection has been explored somewhat less intensively thus far, although early neuropharmacological and lesioning methods have suggested that hypothalamic and limbic pathways exert predominant in¯uences in the erectile response. 2,4,5 Scienti®c study in animals has also supported the erection regulatory basis involving circulating male hormones, evidenced by the fact that androgen loss such as that following castration leads to erectile impairment and, oppositely, androgen replacement promotes recovery of erectile function. 6, 7 Role of animal models to study penile erection
The selection of animal models for study in the ®eld of sexual dysfunction research has undergone an evolutionary process much like the ®eld itself. The relatively large size and thus inherent technical feasibility of certain animals such as dogs and monkeys lent these species as the primary models for in vivo investigation of penile erection until recent times. Their greatest impact probably relates to delineating the penile blood¯ow and pressure characteristics resulting from pelvic nerve stimulation and describing the hemodynamic phases of erection ranging from initial tumescence to the return to complete¯accidity. 8 ± 13 The cat has also been studied in various neurophysiological and neuropharmacological contexts to establish its role as a model for investigating erectile function. 14, 15 Primarily because of economic reasons, smaller mammalian species such as lagomorphs and rodents have become the premier models for study in the past decade. The rabbit was found to be a valid model for the in vivo assessment of erectile tissue function, 16 and subsequently it has been applied to a host of pharmacological studies. 17 ± 19 Once the rat was characterized similarly to provide a valid model for investigating penile erection, 20,21 this species was then increasingly used to develop new directions in neurophysiological and neuropharmacological experimentation. 22 ± 24 The mouse model has recently received great interest for study because of the availability of unprecedented molecular biological approaches to investigate genetic determinants of erectile function that are most applicable to this species. 25 ± 27 To meet this demand, several investigators have focused recent studies to de®ning experimental parameters for erection in this species. 26 ± 30 Among the scienti®c tools invoked by the use of animal models for the investigation of penile erection are the varied possible techniques they afford for stimulating and monitoring erectile responses in vivo. Erection stimulatory techniques have included electrical stimulation of pelvic nerves supplying the penis, 1 in copula natural erection contexts, 31 ex copula penile re¯exive stimulation, 6,31 peripheral pharmacological stimulation, 24 central pharmacological stimulation, 32, 33 sleeprelated tests of erectile phenomena, 34 noncontact pheromonal stimulation, 35 and electrical stimulation of central nuclei associated with erectile responses. 36 Erection monitoring techniques have included observation and counting phenomenal erections, 32 penile plethysmography, 37 penile dimensional measurements, 38 video recording erections, 21 radionuclide penile scintigraphy, 39 intracavernous pressure measurements with transducers, 9,23 intracavernosal blood¯ow recording by laser Doppler owmetry, 40 telemetric intracavernous pressure recordings in the conscious animal, 34, 41 and combinations of monitoring techniques to determine the involvement of exact neural mechanisms during different erectile contexts. 42 
Human relevance of animal models
The belief that animals adequately pro®le aspects of erectile function in humans, whether normal or diseased, must withstand concerns that characterizations in a species of interest reasonably approximate human circumstances. Comparative studies, when possible, offer the best opportunity to describe similarities and distinctions in functional responses between other species and humans. 43 Otherwise, independent studies in a certain animal model could permit inferences regarding the human condition if the model suf®ciently demonstrates morphological or functional similarities to humans. For instance, because the rat pelvic and penile vascular anatomy and neuroanatomy have been carefully described 44, 45 and show resemblances to those of humans, further penile erection ®ndings relating to anatomical observations in rats could be associated with human situations. Likewise, functional characterizations in the rat, such as sensory re¯exive properties that subserve sexual responses 46, 47 and motor activities of the striated penile muscles that are responsible for penile rigidity, 48 which are also described on the human level 2,49 suggest that related studies in the rat could reveal aspects of human erection physiology. Ultimately, while investigators in this ®eld may select an animal model for study after reconciling certain experimental advantages and disadvantages, they may still contend with questions relating to human relevance. Many issues also surround the relevance of using animal models to investigate pathological entities observed in humans that are associated with male erectile dysfunction, although a separate paper in this issue is devoted to this topic.
Whereas determinations of sexual function in humans based on animal models may never be entirely representative of the human condition, extrapolations from animal studies will continue to be made inevitably. Limitations of the direct study of sexual function in human beings, such as the common inaccessibility of human tissue specimens, particularly normal penis, and the unfeasibility of subjecting humans to rigorous experimental paradigms, indicate that animals will remain valuable for many future investigations of erection physiology.
Therapeutic applications of animal models
Animal models have been widely used to test therapeutic strategies for erectile dysfunction. Many of these have been surgical applications such as penile revascularization in dogs, 50, 51 cavernous nerve grafts and repairs in denervated rats, 52 ± 54 mechanical erection devices in dogs, 55, 56 and cavernous nerve implantable stimulators in dogs. 57 Animal models have also been used to assess whether and how extensive surgical therapies directed towards other lower urinary tract pathologies disturb erectile function. 58 Pharmacological investigation has been applied extensively to animal models, both in relationship to novel therapeutic options and to techniques for administering therapeutic agents. Diverse in vitro methodologies using isolated erectile tissue from many animal species including bull, 59 dog, 60 rabbit, 61 rat, 62 and mouse 26,27,30 have been employed to evaluate the presence and mechanisms of action of putative erectile neurotransmitters and other effectors of the erectile response. Correlative in vivo investigation has provided a critical adjunct to af®rm the erectogenic effects of potential pharmacotherapies. Examples include vasoactive intestinal peptide, 62, 63 prostaglandin E1, 64 apomorphine, 65 nitric oxide donors, 66 vasoactive peptides, 67 sildena®l, 29, 68 nitrosylated alpha-adrenergic receptor antagonists, 69 and potassium-ATP channel openers. 70 In the course of these studies, animal models have shown the effectiveness of multiple routes of drug administration in vivo, which include General use of animal models AL Burnett intravascular, oral, topical, subcutaneous, intraperitoneal, intracorporal, intraurethral, intrathecal and intracerebral routes. 71 The new frontiers of medical therapy for erectile dysfunction afforded by animal investigation are several. The application of neuronal tissue growth factors and other neurotrophic modulators has shown promise in recovering erectile function using animal models. 72 ± 74 Tissue engineering to replicate corporal tissue components involved in the erectile response has also been preliminarily investigated in animal models. 75, 76 Investigations of genetic manipulation with effects on penile erection in rodent models have thrust gene therapy to the forefront as well and indicate that this burgeoning area will likely have therapeutic possibilities in the imminent future. 77 ± 79 
Summary
In review, animal models have accounted signi®-cantly for the amazing strides made in the ®eld of sexual dysfunction research. Fundamentally, they have offered a unique experimental approach to test many hypotheses regarding sexual function. Since their early use for sexual physiology research, there has been increasing sophistication using animals involving techniques for stimulating and monitoring sexual responses. One speci®c area that has been advanced is the use of conscious animal models to obtain a better sense of the natural contexts for sexual physiology and to avoid pharmacological interference associated with anesthetics. Another area of interest is the increasing use of simple but valid techniques to record and assess sexual responses. Efforts to develop and evaluate animal models that replicate disorders of sexual function have also been most advantageous.
In the future, animal models will remain useful. The expanded applications of animal models include the study of predisposing disease states associated with sexual dysfunction and the study of all aspects of sexual dysfunction, in both male and female subjects. Continued judgment must be applied, understanding the advantages of one or another animal model, to explore questions and provide answers that are most scienti®cally relevant to the human condition. The promise of advancing therapies in this ®eld indicates the additional prominent role for animals for the purposes of drug development. General use of animal models AL Burnett
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